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BULLETIN 


OF THE | 


AMERICAN PHYSICAL SOCIETY 


SEATTLE MEETING, JUNE 17-19, 1936 


IN AFFILIATION WITH 


THE PACIFIC DIVISION OF THE 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


HE 206th regular meeting of the American 

Physical Society in affiliation with the 
Pacific Division of the American Association for 
the Advancement of Science will be held in 
Seattle, Washington, in Physics Hall of the 
University of Washington, beginning on Wednes- 
day morning, June 17, and extending through 
Friday, June 19. 


Symposium on X-Rays. On Wednesday morn- 
ing, June 17, at 9:00 o'clock there will be a 
symposium of four invited papers on x-rays. 


Joint Session with the Astronomical Society 
of the Pacific. There will be a joint session with 
the Astronomical Society of the Pacific on 
Wednesday afternoon, June 17, at 1:30 o'clock, 
at which invited papers will be presented by 
Professor Carl Anderson of California Institute 
of Technology and Dr. J. A. Pearce of the 
Dominion Astrophysical Observatory. 


Joint Session with the American Mathematical 
Society. A joint session with the American 
Mathematical Society will be held on Thursday 
morning, June 18, at 11:00 o’clock, at which 
Professor H. P. Robertson of Princeton Uni- 
versity will deliver an address on ‘‘Geometry and 
Physical Space-Time.”’ 


Regular Sessions. Sessions for the presentation 
of short contributed papers will be held on 
Thursday, June 18, both morning and afternoon. 


The morning session will begin at 9:00 o'clock 
and will adjourn shortly before 11:00 o’clock to 
permit attendance upon the joint session with 
the American Mathematical Society. (See pre- 
ceding paragraph.) The afternoon sessions for 
contributed papers will begin at 1:30 o’clock. 


Invited Addresses. On Friday morning, June 
19, at 9:30 o'clock addresses will be delivered by 
Dr. O. E. Buckley of the Bell Telephone Labora- 
tories and Professor George Gamow of George 
Washington University. 


Excursions. On Friday afternoon, June 19, 
there will be an excursion to the Swedish Hospi- 
tal, Seattle, where medical and physical high- 
voltage research is in progress. Details of this 
trip will be announced in the sessions. 


A.A.A.S. Addresses. On Tuesday evening, 
June 16, at 8:00 o’clock Professor F. K. Kirsten 
of the University of Washington will present a 
demonstration address on ‘‘Lux Sit,” an exposi- 
tion of researches in the field of illumination with 
rare gases and metallic vapors under electrical 
stimulation. On Wednesday evening, June 17, 
at 8:00 o'clock Professor Richard C. Tolman, 
California Institute of Technology, President of 
the Pacific Division of the A.A.A.S., will deliver 
an address on “The Present Status of Cosmol- 
ogy.” Locations of these addresses will be found 
in the general program of the A.A.A.S. 


Lodging and Meals. Most of the Hotels are 
located in downtown Seattle, from which the 
campus, five miles distant, can be reached by 
street car in forty minutes or less. Minimum 
rates for rooms with bath, meals not included, 
of typical hotels in this area are from $1.75 to 
$2.50. A limited number of similar accommoda- 
tions are to be found in the University district. 
Five well-equipped modern auto camps are lo- 
cated within a driving time of fifteen minutes 
from the University campus, where cabins may 
be had for $1.00 per day and upwards. Meals 
will be served in the University Commons, 
cafeteria style, at very moderate prices. Many 
public restaurants and dining rooms are located 
in the University district. 


GENERAL RULES RELATING TO PAPERS 


Only those titles of papers shall be listed on 
the preliminary program of a meeting of the 
Society for which abstracts ready for publication 
are in the hands of the Secretary. 

When two or more papers are offered by the 
same member, one only of these will be assigned 
a place on the regular program, while the others 
will be placed in a supplementary program. (A 
paper presented by two or more authors is 
assigned to the first named author.) Papers 
received after the program has been printed will 
be placed in the supplementary program. 

All supplementary papers will be grouped 
according to subject matter and will be called 


for at their appropriate sessions only, these 
sessions to be designated on the program. The 
presiding officer may assign a reduced time to 
these papers or may in his discretion call for 
them to be read by title only. 

Except by special vote of the Society, the 
maximum allowance of time for the presentation 
of a paper shall be ten minutes. The presiding 
officer shall enforce this rule. 

Titles and abstracts of the papers to be pre- 
sented are given in the following pages. These 
abstracts have not been corrected by the authors. 
After correction the abstracts will be published 
in an early number of the Physical Review. Au- 
thors should send corrections to the Publications 
Manager, The American Institute of Physics 
Incorporated, 175 Fifth Avenue, New York, 
N. Y. 

Other meetings for the current season are as 
follows: 


207. June 22-23, 1936. Rochester, New York. 
208. Joint meeting with the American Institute 
of Physics Incorporated. October 28-31, 
1936. New York City. 
209. November 27-28, 1936. Chicago, Illinois. 
210. December, 1936. Pacific Coast. 
211. December 28-30, 193€. Annual Meeting. 
Atlantic City, New Jersey. 
PAUL KIRKPATRICK 
Local Secretary for the Pacific Coast 
June 1, 1936. 
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Symposium on X-Rays 
WEDNESDAY, JUNE 17, 9:00 A.m., Room 320, PHysics HALL 


. Tests of the Validity of the X-Ray Crystal Method of Determining e. J. W. M. DuMonp, 
California Institute of Technology. 


2. Recent Work in the Widths of X-Ray Spectrum Lines. F. K. Ricutmyer, Cornell University. 


- Quality of Réntgen Rays, Its Measurement and Importance. R. R. NEWELL, Stanford 
University School of Medicine. 


. Some Theoretical Questions Related to the Excitation of X-Ray Levels. F.Btocu, Stanford 
University. 


WEDNESDAY, JUNE 17, 1:30 P.M., Room 320, Puysics HALL 
Joint Meeting with the Astronomical Society of the Pacific 
. Recent Cosmic-Ray Studies. CarL ANDERSON, California Institute of Technology. 


. Galactic Rotation. J. A. PEARCE, Dominion Astrophysical Observatory. 


THURSDAY, JUNE 18, 9:00 A.M., Room 320, Puysics HALL 


(See accompanying Abstracts.) 


THURSDAY, JUNE 18, 11:00 a.m. (Location to be announced.) 
Joint Meeting with the American Mathematical Society 
Invited Paper 


Geometry and Physical Space-Time. H. P. Ropertson, Princeton University. 


THURSDAY, JUNE 18, 1:30 P.M., PHysics HALL 


(See accompanying Abstracts.) 


Fripay, JUNE 19, 9:00 A.M., Room 320, PHysics HALL 


Invited Papers 


1. Ferromagnetism in Telephony: An illustration of Industrial Research. O. E. BucKLEy, Bell 
Telephone Laboraiories. 


2. The Present Status of 8-Decay Theory. GEORGE Gamow, George Washington University. 


2 
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1. The Elimination of the Effect of Stray Sound upon 
the Measurement of Acoustic Absorption by the Parallel 
Beam Method. Paut M. Hiccs anv F. A. OsBorn, Uni- 
versity of Washington.—Frequency modulated sound 
collimated by a parabolic mirror is regularly reflected from 
a plane surface of the material under investigation and 
received upon a microphone placed at the principal focus 
of a second parabolic mirror. This arrangement has highly 
directional characteristics and is relatively insensitive to 
extraneous noises or to any sound which does not enter 
the receiving mirror in a direction parallel to its axis. 
Measurements are practically independent of the acoustic 
characteristics of the room in which the apparatus is 
placed. The operation of the apparatus and the interpreta- 
tion of results are complicated by the reflection of sound 
back and forth between the two mirrors. The resultant 
standing wave system may cause large fluctuations of the 
sound field intensity at the foci of both mirrors and at the 
plane of the absorbing material. Under these conditions 
the intensity of the incident sound beam is influenced 
by the absorption of the material under test. The formation 
of standing waves may be prevented by introducing a 
region of constant high absorption in the vicinity of the 
foci of the mirrors. 


2. High Pressure Afterglow in Nitrogen. JosEPH 
KapLan, University of California at Los Angeles.—The 
auroral afterglow in nitrogen has been studied at pressures 
higher than those used in the earlier experiments. As the 
pressure is increased, the Goldstein-Kaplan bands in the 
discharge which originate on v’=1 increase in intensity 
relatively to those which originate on v’ =0. The energy in 
the v’=1 level is 12.22 volts, and the energy of two A*= 
molecules in the v=0 level is 12.28 volts. The enhancement 
of the v’ = 1 level appears therefore to be due to the increased 
number of collisions between metastable nitrogen molecules 
with increased pressure. This phenomenon points to a 
mechanism from which nitrogen afterglows may derive 
their long lives. The v’ = 1 Goldstein-Kaplan level contains 
only a slightly larger energy than that necessary for the 
production of two 2D nitrogen atoms. This suggests the 
existence of predissociation on the v’=1 level, and thus 
provides a mechanism for the regeneration of metastable 
atoms in the afterglow and hence a means of prolonging the 
afterglow. The intensity of the afterglow increases with 
the pressure as does the relative intensity of the first- 
positive bands which originate on the B*z levels v’=16, 17 
and 18. 


3. The Shape of the 8-Ray Spectrum of P®. Ernest M. 
LyMAN, Radiation Laboratory, University of California.— 
The magnetic 8-ray spectrum of a strong sample of P* has 
been investigated by means of a magnetic spectrograph 
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and Geiger counter in order to determine the shape of the 
momentum distribution curve, particularly in the region 
of the upper limit. Preliminary investigation has shown 
that the shape of the curve is in agreement with the 
Konopinski-Uhlenbeck modification of the Fermi theory 
and with cloud chamber results' over the middle portion 
of the spectrum. However, at about 6000 Hp the experi- 
mental curve begins to deviate from the theoretical one 
adjusted to fit the major portion of the spectrum, falling 
rapidly to the Hp axis and ending at about 7700 Hp, while 
the theoretical curve terminates at 8700 Hp. The discrep- 
ancy seems too great to be explained on the basis of instru- 
mental and experimental errors. 


1F. N. D. Kurie, J. R. Richardson and H. C. Paxton, Phys. Rev. 49 
368 (1936). 


4. Conservation of Photons in General Relativity. H. P. 
ROBERTSON, Princeton University —Kermack, McCrea and 
Whittaker* have shown that a photon description of the 
radiation field in general relativity is consistent with 
Planck's law E=hy, on the assumptions (1) the path of 
each (isolated) photon is a null-geodesic, along which (2) 
the energy-momentum 4-vector is carried by parallel 
transport. We here show that these two assumptions are 
necessary consequences of the field equations, whenever 
and to whatever extent the internal structure of the field 
allows it to be replaced by a corpuscular aggregate. 

* Proc. Roy. Soc. Edinburgh 53, 31 (1932). 


5. Deuteron Induced Radioactivities of Antimony and 
Tin. J. J. Ltvincoop, Radiation Laboratory, University of 
California.—Antimony. An exposure of 1 hour to 1 micro- 
ampere of 5-million electron-volt deuterons caused the 
following radioactivities in an antimony target. 


YIELD (H? PER DISINTEGRATION) 
52+4days (Negative electrons) 1.4107 
68 +3 hours 0.7 X10? 
2543 hours ( ) 1.2 X 108 


The yields have been corrected for finite time of exposure. 
A further activity of 2 or 3 minutes is probably due to 
adsorbed O* and N". No chemical analysis has been made. 
The 68-hour activity probably corresponds to the 2.5 day 
half-life observed by Fermi after neutron bombardment. 
Tin. A tin target exposed to 3.5 microamperes for 3 hours 
was chemically separated (by Mr. Seaborg of the Chemis- 
try Department) into indium, tin and antimony fractions. 
The observed radioactivities were 


HAtrF-Lire YIELD (H? pER DISINTEGRATION) 
In 27+2 hours (Negative electrons) 4.0 X 107 
Sn 27+2 hours ( ) 1.5 X10? 
Sb 52+8 days ( ) 3.0 X 108 
Sb 1341 hour (Positrons ? ) 5.6 X 106 


Two shorter periods were also observed. The similarity of 
the tin 52-day period with that when Sb is bombarded, and 


= 
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the apparent identity of their absorption curves in Al, 
suggest that Sb’ or Sb™ is the active isotope, formed in 
one case by 


1234 1244. iH! and in the other by 
soon, 122412», 244+. W where W isa gamma-ray. 


6. Temperature Dependence of Geiger-Miiller Counter 
Characteristics. D. B. Cowie, Bartol Research Foundation 
of the Franklin Institute. (Introduced by E. O. Lawrence.)— 
Observations were made over a wide temperature range of 
the counting rates and starting potentials of a group of 
Geiger-Miiller counters. The resultant increase in the 
number of discharges recorded as the temperature in- 
creased has been attributed to thermionic emission from 
the walls of the counter. With this assumption as to the 
variation in rate of discharge with temperature, one would 
expect that the order of magnitude of the rates would vary 
inversely as the work functions of the metals involved. 
Experiment with nickel oxide and copper oxide counters 
shows this to be true. No change in rate was observed as 
the temperature was decreased from room temperature to 
below 0°C, which is in agreement with the fact that 
thermionic emission would be negligible over this range. 
A further study revealed that starting potentials were also 
affected by temperature with the result that at 100°C an 
argon-filled copper oxide counter would start to count a 
hundred volts lower than at room temperature. The 
experiment was repeated with other counters with the 
same result. 


7. Transition Phenomena in the Condensation of Silver 
Vapor on Clean and Gas-covered Tungsten. Mito B. 
SAMPSON and Paut A. ANDERSON, State College of Washing- 
ton.—In a tube which had been subjected to severe out- 
gassing, sealed from the pumps, and gettered with vapor- 
ized barium, duplicate tungsten filaments, dissimilar only 
with respect to the condition of their surfaces, were bom- 
barded with gas-free silver vapor supplied by a molyb- 
denum foil oven which could itself be thoroughly outgassed 
by flashing. One of the tungsten filaments was cleaned by 
flashing at 2800°K while the other was allowed to retain 
the oxygen coating which persists after flashing at 1400°K. 
Permanent condensation of silver on the gas-covered fila- 


ment occurred only after its temperature had been lowered 
to 900°K and typical transition effects appeared. At the 
same vapor stream intensity permanent condensation on 
the clean tungsten occurred at 1220°K, approximately the 
temperature of the vaporizing oven, and none of the char- 
acteristic critical phenomena could be detected. It is 
probable that transition (‘critical temperature’’) effects 
in the condensation of metal on metal as observed by 
Estermann, Cockcroft, and others are conditioned by the 
presence of surface films of gas and vapor and disappear 
when such films are removed. 


8. Photographic Infrared Absorption Spectrum of Heavy 
Acetylene (C-HD) and Internuclear Distances in the 
Acetylene Molecule. G. HeRzBERG, University of Sas- 
katchewan, F. Patat, University of Géttingen, ano H. 
VERLEGER, Technische Hochschule Darmstadt.—In con- 
tinuation of previous work! we have further investigated 
the absorption spectrum of C,HD in the photographic 
infrared with the aim of definitely deciding between our 
values for the internuclear distances in the acetylene 
molecule and those of Bradley and McKellar.? Using an 
absorbing length of 16.5 m of 50 percent heavy acetylene 
we have found a number of new C:HD bands. The com- 
parison of the combination differences A, F’’(J) of different 
bands proves conclusively the correctness of our previous 
numbering of the lines and thereby of our values for the 
internuclear distances. The results are summarized in the 
accompanying table in which also values for HCN have 
been included which have been recalculated from the data 
of Bartunek and Barker,’ as well as the value for the C—H 
distance in CH, of Ginsburg and Barker.* The coincidence 
of the C—H distance in C,H: and HCN as calculated 
independently with the aid of the CHD and DCN spectra 
is within 0.001A. The values of the distances for the 
corresponding free radicals, included in the table for 
comparison, are appreciably larger. 


In C2He In HCN In CHa In RADICAL 
ro(C —H) 1.057A 1.057A 1.093A 1.127A 
ro(C —C) 1.204 1.311 
ro(C —N) 1.154 1.171 


(19 x Herzberg, F. Patat and J. W. T. Spinks, Zeits. f. Physik 92, 87 
2A. McKellar and C. A. Bradley, Phys. Rev. 46, 236, 341, 664 (1934). 
3 P. F. Bartunek and E. F. Barker, Phys. Rev. 48, 516 S938); 
«N. Ginsburg and E. F. Barker, J. Chem. Phys. 3, 668 (1935). 


9. A Magazine Plate Camera for Photography in Vacuum. 
K. E. Firzsrmmons, State College of Washington.—A 
magazine plate camera which provides for 8 to 16 separate 
exposures on 3}X4 inch plates without breaking the 
vacuum has been built for use with a high magnification 
electron microscope. Visual focusing of the image formed 
by the electron beam on a fluorescent screen is possible 
before each exposure. The camera is compact and the 
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mechanical operation is smooth and positive. The camera 
is presumably generally adapted to photography in vacuum 
apparatus. 


10. Absolute Values of the Electron Drift Velocity in 
the Rare Gases. R. A. NIELSEN, Stanford University. 
(Introduced by N. E. Bradbury.)—Absolute values of 
electron drift velocities in electric fields have been deter- 


== 


mined for nitrogen and the rare gases. The method em- 
ployed is that of the high frequency electrical shutter 
recently used to measure electron mobilities in hydrogen.! 
The experimental values obtained are compared with those 
predicted by the Compton mobility equation using both 
kinetic theory and Ramsauer atomic cross sections. In 
addition, further comparison between experiment and 
theory is furnished by studying the effect of variable cross 
sections on the mobility as predicted by the equation of 
Morse, Allis and Lamar.? It is shown that the observed 
effects can be accounted for only by the occurrence of 
inelastic collisions of electrons with atoms or molecules, 
and that the random energies of the electrons are of a 
magnitude which is in agreement with this hypothesis. 


1N. E. Bradbury and R. A. Nielsen, Phys. Rev. 49, 388 (1936). 
2 Morse, Allis and Lamar, Phys. Rev. 48, 412 (1935). 


11. Attempts at Disintegration Using Lithium Ions. 
BERNARD B. Kinsey, Radiation Laboratory, U tiversity of 
California. (Introduced by E. O. Lawrence.)—A source of 
lithium ions is described and a method of accelerating 
them to energies of the order of a million volts is considered. 
A beam of 10 microamperes of lithium ions at about a 
million volts energy was directed onto targets of lithium 
and beryllium. In order to reduce the number of a-particles 
of 8-cm range, resulting from hydrogen contaminations on 
the targets, the latter were deposited on a sheet of molyb- 
denum, by evaporation in vacuum, the sheet being pre- 
viously outgassed by heating. With either target, no 
neutrons were observed, and no disintegration particles 
with range greater than 2 cm were observed. It is con- 
cluded that if such ionizing particles are emitted, there is 
less than one disintegration in 10" incident lithium ions. 


12. The '=*—'> Band System of Copper Deuteride. 
Myron A. JEPPESEN, The Pennsylvania State College.*— 
The copper deuteride bands have been photographed and 
an analysis has been made of the '2*—'Z system. The 
resolving power is sufficient to permit an independent 
analysis of the Cu*D and Cu®D isotopic bands. The most 
important vibrational and rotational constants are given 
in Table I. The most reliable value of p for Cu*®*D to Cu®D 


I. 
Cu%D 

we 1384.38 1213.16 1383.65 1212.60 
Xewt 19.14 20.65 19.12 20.45 
0.037 —0.41 0.02 —0.4 
Te 0 23412 0 23412 
Be 4.03754 3.5199 4.03353 3.5182 
ae 0.09140 0.0898 0.09 103 0.0919 


from the present work is 0.999503. The calculated value 
from mass spectrograph data is 0.99952. A comparison with 
Heimer and Heimer's' CuH analysis gives a value of p for 
Cu®D to Cu®*H equal to 0.7131. The calculated value is 
0.7129. The electronic isotope displacement of CuD 
relative to CuH is 19 cm. 


* To be read by title only. 
1 A. Heimer and T. Heimer, Zeits. f. Physik 84, 222 (1933). 


13. Continuous Measurement of Changes in the Elec- 
tronic Work Function during the Fusion of Tin. Paut A. 
ANDERSON, State College of Washington.—A slight modi- 
fication of the method for measuring contact differences of 
potential previously reported! has made possible con- 
tinuous observation of progressive alterations in the work 
function of a metal surface down to time intervals of a few 
seconds. Applied to study the change in work function 
attending the transformation of gamma-tin to liquid tin 
the method yields electron current-time curves which are 
similar to temperature-time fusion curves. The break in 
the current-time characteristic does not coincide with the 
disappearance of the solid phase but follows it after a 
measurable time interval. The slope of the curve beyond 
the break-point is finite, decreasing from a high positive 
value to zero as the temperature of the liquid tin is raised. 
If, as is unlikely, these effects are due to liberation of 
adsorbed gas the curves provide a means of following the 
desorption continuously. They may indicate a persistence 
of the regularly orientated lattice structure of solid tin 
beyond the melting point. The contact difference of po- 
tential between gamma-tin and liquid tin is found to be 
0.17 volt. The liquid tin has the lower work function in 
agreement with the photoelectric measurements of Goetz 
which, uncorrected to the true thresholds at 0°K, yield 
the value 0.16 ev for the difference between the work 
functions. 


1P. A. Anderson, Phys. Rev. 47, 958 (1935); 49, 320 (1936). 


14. A Controlled Mercury-Pool Device for High Voltage 
and Current Rectification and Switching. Tync M. Lissy, 
The Pacific Telephone & Telegraph Company, Joseru E. 
HENDERSON AND DonaLp H. LouGHripGe, University of 
Washington.—A vertical water-jacketed pyrex cylinder 
having an anode at the upper end, a mercury pool cathode 
at the lower end, and a nozzle located between them and 
connected to a mercury boiler constitutes a new type of 
rectifier and switch. The boiler and nozzle system main- 
tains a relatively high vapor pressure in the region of the 
cathode while the water-jacket temperature maintains a 
low vapor-pressure and corresponding high sparking 
potential in the region of the anode. When the water-jacket 
is electrically connected to the cathode its shielding action 
prevents the establishment of significant potential gradi- 
ents through the high pressure region by the anode po- 
tential and the sparking potential is high. When a moderate 
a.c. voltage is impressed between the water-jacket and 
cathode, the high pressure vapor is ionized periodically and 
the rectifier passes current during the positive half-cycle of 
anode voltage, the value of the average current being 
limited by the voltage, circuit resistance and duration of 
the conducting period. By varying the phase relation 
between the voltages impressed upon the water-jacket and 
the anode, the instantaneous value of the anode voltage 
at which the arc is initiated for each cycle can be varied at 
will over approximately the entire positive half-cycle. This 
device has successfully rectified 3000 to 40,000 volts with 
a maximum inverse peak of 80,000 volts, and currents up 
to the capacity of the available voltage supply. 


15. Accommodation Coefficient and Molar Heat of 
Various Hydrocarbon Molecules. Orto BEEcK, Shell De- 
velopment Company, Emeryville—The accommodation 
coefficient @ as defined by the equation 7, —72=a(T,—T), 
T being the temperature of the surface and 7, and T2 
being the mean temperatures of the gas molecules before 
and after the collision, respectively, has been measured for 
paraffin hydrocarbons up to 8 carbon atoms, a number of 
olefins, and some other unsaturated hydrocarbons on an 
ordinarily clean nickel surface at 140°C. The measurements 
were made by means of a molecular beam method at 
pressures of some 10-* mm Hg. Argon and hydrogen were 
used as standards. The probable error of the relative 
measurements is less than one percent. A simple relation- 
ship between a, the molar heat at zero pressure C,,, and 
the molecular weight M was found, represented for paraf- 
fins by the equation: a(C,,+R/2)=C:M. Combined with 
the equation C,,=c:M+c;, which represents C,, in terms 
of the molecular weight, we arrive at 


where ¢), C2 and cs are experimental constants and R the 
universal gas constant. Theoretical consequences and 
practical applications of these relationships will be 
discussed. 


16. Further Simultaneous Measurements of Density 
and Surface Tension. L. E. Dopp, University of California 
at Los Angeles.—Since the work previously reported,! 
further measurements have been made by the method 
there described, and with increased precision. In particular, 
measurements have been made on a series of some ten 


alcohols. Experience with this method shows that it is 
generally possible to take three successive measurements 
on a given liquid with an expected extreme range in the 
density values of not more than 0.25 percent, and a mean 
deviation (i.e., mean of the individual deviations from the 
average value) of 0.10 percent, or less. 


1 Phys. Rev. 48, 487 (1935). 


17. K X-Ray Absorption Spectrum of Bromine. S. T. 
STEPHENSON, State College of Washington —The K x-ray 
absorption spectrum of Br in solid AgBr and in each of 
the vapors CH;Br, C2H;Br and Br: is obtained with a 
double crystal ionization spectrometer. AgBr and Br. show 
secondary fine structure close to the main edge, the 
structure for AgBr being similar, as might be expected, 
to that of KBr and other bromides of cubic crystal struc- 
ture. No significant shift, due to chemical combination, in 
the positions of the edges of the compounds is found except 
in the case of Bre whose edge appears shifted about 1.1+.5 
volts to the long wave-length side of the others. The widths 
of the edges as obtained by the usual triangle method are 
as low as 3 to 5 volts in some runs; these widths, of course, 


being very sensitive to small changes in the vertical 
adjustment of the calcite crystals. These values are smaller 
than those given for bromine in the literature reviewed, 
but might be expected from a consideration of data on 
emission line widths. 


18. Positron Theoretic Deviations from the Klein- 
Nishina Formula. Epwin A. UEHLING,* University of 
California.—On the basis of their theory of the positron, 
Dirac and Heisenberg have predicted that deviations of 
order @ in the Klein-Nishina formula for the scattering of 
light (of »~mc?/h) by electrons would exist. Pauli has 
remarked that insofar as polarization effects considered by 
these authors are concerned, no such deviations should 
occur, since the polarization charge and current does not 
radiate. These polarization effects have been treated by 
considering the fieids produced by the electron as classi- 
cally describable. This treatment leaves out of account 
interchange effects between the electron and the “negative 
energy sea” electrons. In these interchange terms no 
unambiguous separation of proper energy and positron 
theoretic singularities is possible, and one must use Serber’s 
method to eliminate them. Even on doing this, and re- 
normalizing vacuum polarization effects to zero for the 
classical limit, terms remain which give finite deviations 
from the Klein-Nishina formula for »~mc?/h. These have 
not been calculated. 


* National Research Fellow. 


19. Energy Liberation in Stellar Interiors. R. M. 
LANGER, California Institute of Technology.—Enough is 
known about the mechanisms of nuclear processes to per- 
mit a calculation of the reactions which would take place 
in a mass of matter originally preponderantly ordinary 
hydrogen heating gradually under gravitational contrac- 
tion. The equations which occur can be solved approxi- 
mately and for limited intervals of time. They lead to a 
theory of the stellar energy supply which has very desirable 
features. In the temperature range between 10° and 10° 
the formation of neutrons considered as an energetic state 
of hydrogen becomes considerable. The concentrations of 
positive and negative electrons also play a very important 
role. The interaction of these constituents to form deu- 
terons and more complex nuclei then proceeds at a rate 
which depends essentially only on the partial pressure of 
protons and the temperature. Under assumptions for 
these which probably approximate the actual conditions 
the rate of energy liberation falls in the observed range. 
Moreover except at extremes of pressure the system is 
thermally stable at some temperature between 10° and 
10°. The presence of positrons in equilibrium at these 
temperatures has interesting consequences in connection 
with other problems of stellar interiors. 


20. A Two-Stage Oil Diffusion Pump of Metal for 
Use on Large Volumes. JoseEpH E. HENDERSON, Uni- 
versity of Washington.—A large two-stage all metal oil 
diffusion pump suitable for use on large volumes has been 
built and tested. The pump consists of the usual umbrella 
type of high vacuum stage backed by a stage possessing 
clearances of 1 mm or less. The nozzle for this stage pro- 
vides an updraft which cannot clog with oil. Sufficient 
speed for this stage has been provided by making this 
nozzle surround the water jacket for the high vacuum 
stage. The pump, with clearances adjusted to 1 mm, 
worked successfully against a coarse vacuum of 0.3 mm 
of Hg. Upon replacing a single stage pump with a two- 
stage pump having the same size and length of throat the 
vacuum with no leak was reduced by one-sixth and the 
vacuum with leak to one-third. The coarse vacuum in each 
case was about 4 microns (including vapors). Large volumes 
may be successfully evacuated using less expensive coarse 
pumps or with the system closed for extended periods if 
the leak is not too large. The pump eliminates, to a large 
extent, the difficulties encountered in the initial evacu- 
ation of large volumes. A model of the pump is at present 
operating on the 800 kv X-ray tube having a volume of 
200 liters. 


21. The Effect of Wind upon the Electric Potential 
Gradient at the Earth’s Surface. JosepH G. Brown, 
Stanford University —In a recent paper by the author! a 
theory of the local variation of the gradient based upon the 
daily cycle of turbulence, convection and subsidence was 
proposed. The present paper deals with the effect of wind 
upon the diurnal-variation and accounts for the results by 
modifications in this cycle. The 25-year records of Ebro 
Observatory are used to obtain results. Mean curves for 
days of continuous N-W wind and S-E wind are compared 
with days with calm nights. It is shown that direction of 
wind is important in determining the mean value of the 
gradient, but the form of the diurnal-variation is largely 
determined by speed. In general strong winds greatly 
reduce the amplitude and emphasize the single maximum. 
Days with calm nights, however, increase the amplitude 
and emphasize the double maximum. These results are in 
harmony with the proposed theory. The number of hours 
of sunshine is an important factor in determining seasonal 
differences. It is believed that observed diurnal-variations 
at all stations can be accounted for almost completely by 
considering phase relations between unitary and local 
variations and prevailing seasonal and wind conditions. 

1 J. G. Brown, Ter. Mag. 40, 413-424 (1935). 


22. A Long Period Positron Acitivity. L. JACKSON 
LasLett, Radiation Laboratory, University of California. 
(Introduced by E. O. Lawrence.)—Frisch' has reported a 
long period positron activity produced in fluorine by alpha 
particle bombardment; this he has attributed to Na™. A 
long period positron activity of the character described 
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by Frisch has been observed in Mg after bombardment 
with 5 MEV deuterons. This may be attributed to the 
reaction Mg**+D*—-Na*+He‘. The half-life may be 
tentatively given as 9 months and the upper limit for the 
positron energy as 0.4 MEV. It is hoped to have some 
cloud chamber information on the energy spectrum avail- 
able in time for the meeting. The production of a positron 
emitter of such long half-life is of theoretical interest, as 
will be discussed by Mr. Lamb in another paper. 

1 Nature 136, 220 (1935). 


23. The Unobservable Decay of Na. W. E. Lams, Jr. 
(Introduced by J. R. Oppenheimer.)—According to Laslett, 
Na*® may be formed by bombarding Mg with deuterons. 


Mg**+ D—Na”+a. (1) 


Na* emits positrons with an upper limit ~500 kv and a 
half-life ~200 days. According to the Fermi theory of 
8-decay, it can also decay by the alternative process of 
K electron capture and neutrino emission. We have ex- 
tended the calculations of Yukawa and Sakata to the case 
of Uhlenbeck-Konopinski coupling, and find for the ratio 
of the number of nuclei excited to the number of positrons 
emitted: 


FERMI UHLENBECK-KONOPINSKI 
Ai=0 3.8 
Ai=1 15. 


The half-life puts Na® near the second Sargent curve and 
thus indicates a spin change Ai=1. It would seem possible 
to check this feature of the theory by comparing the 
positron activity of the sample with the number of a- 
particles emitted, according to (1), in its activation. 


24. The Effect of a Magnetic Field upon the Photoelec- 
tric Properties of Iron. Donatp H. LouGHRIDGE AND N. 
Kermit OLsEN, University of Washington.—Measurements 
near 2200A with a magnetic field of about 5000 gauss, 
arranged to be perpendicular to the light beam, in a 
saturated electric field of over 200 volts, have shown prac- 
tically no change in the emission of an iron cylinder when 
the magnetic field was applied. While the emission was 
always slightly less, with the field on, by about 1 to 2 
percent, this was of the same order of magnitude as the 
experimental error. The iron cylinder was coated with 
electrolytically deposited iron and induction furnace 
heating in connection with long baking of the glass tube 
gave good reproducible photoelectric conditions where 
purity of surface is so essential. The necessary sensitivity 
of the FP-54 electrometer circuit was of the order of 
180,000 mm per volt. The long wave-length limit, deter- 
mined by the spectral response curve, with a single mono- 
chromator, was about 2500A; a little lower than that 
measured by Cardwell. 


25. On the Elementary Interpretation of Showers and 
Bursts. J. R. OPPENHEIMER, California Institute of 
Technology.—The theoretical formulae for ionization and 


= 


radiation losses of electrons and pair production by photons, 
have as a consequence that an electron or photon of very 
high energy will form sprays of electrons, positrons and 
y-rays as it passes through matter. For an incident energy 
of 310° ev, the maximum of the probable number of 
electrons and positrons occurs at 2.2 cm Pb, and 45 cm Al; 
the maximum values attained are 12 and 2.3, respectively. 
For an incident energy of 10” ev, the maximum occurs at 
6 cm Pb, and gives about 2000 electrons and positrons and 
a comparable number of photons. The energy distributions 
observed in the cloud chamber, and the transition and 
absorption curves both for showers and for bursts, are in 
good agreement with these calculations. Apart from the 
experimental evidence against the validity of the theoretical 
formulae, the strongest argument against this interpreta- 
tion of showers is that the number of showers and bursts 
observed under great thicknesses of absorber is far too 
high to be accounted for by fluctuations. 


26. Production of Pairs and Compton Electrons by 
Gamma Radiation from the Bombardment of Lithium by 
Protons. L. A. Detsasso, W. A. FOWLER AND C. C. 
LAURITSEN, California Institute of Technology.—Stere- 
oscopic cloud chamber photographs have been taken of 
pairs and Compton electrons ejected from thin sheets of 
carbon and lead by the gamma radiation from lithium 
bombarded by protons. The distribution in total energy 


of the pairs indicates that most of the radiation is con- 
centrated in a band or line at approximately 17 MEV. 


27. A Wilson Cloud Chamber for the Study of Showers. 
R. B. Brope, H. G. MacPHERSON AND M. A. STARR, 
University of California.—A completely automatic Wilson 
cloud chamber 30 cm in diameter and 10 cm deep has been 
constructed for the study of cosmic-ray showers. The 
chamber is compressed by air which forces up a dura- 
luminum diaphragm fastened to the chamber base by a 
ring of sheet rubber making a gas tight connection. The 
Geiger-counter control releases the air pressure back of 
the chamber diaphragm in about 0.001 sec., and estimated 
from the width of the tracks, the time before complete 
expansion is between 0.01 and 0.02 sec. Illumination is 
provided by eight 150-watt, 110-volt tungsten lamps 
which are connected to 230 to 260 volts for from 0.05 to 
0.10 sec. depending upon the particular gas used. Well 
exposed pictures are obtained with this illumination at 
f : 3.5. An expansion ratio of 12.5 percent is required for a 
mixture of three parts ethyl alcohol to one part water when 
the chamber is filled with two atmospheres of nitrogen. A 
system of gauze and velvet in front of the diaphragm 
provides a good background for photography and reduces 
turbulence to such an extent that the apparent curvature of 
tracks, with zero magnetic field, is less than that of a track 
of 20 meters radius. Details of the rapid release mechanism 
and of the automatic resetting system will be given. 


28. Characteristics and Energy Balance in Gaseous 
Discharge Lamps Containing Carbon Dioxide. T. J. Kir- 
LIAN AND R. S. Prescorr, Barkon Tube Lighting Corpora- 


tion, Seattle—The design, construction and operation of 
lamps containing carbon dioxide are discussed. By the 
use of probe electrodes and a cathode-ray oscilloscope 
wave forms and space potentials are obtained. With a given 
set of electrodes the independent variables are tube length, 
tube diameter, gas pressure and current. The total power, 
voltage gradient, efficiency and stability are studied as 
functions of these. Results are obtained for both direct and 
alternating-current operation. From these results an 
approximate energy balance is calculated. A comparison of 
these characteristics is made with those of discharge tubes 
containing noble gases. 


29. Proton-Proton Forces and the Mass Defect Curve. 
ROBERT SERBER,* California Institute of Technology.—The 
experiments on the scattering of protons by protons show 
the existence of proton-proton forces which are not small 
compared to the proton-neutron forces. There probably 
also exist similar neutron-neutron forces. These forces 
must of course be included in calculations of the binding 
energies of the nuclei. If the proton-proton and neutron- 
neutron forces are supposed to be of the Wigner (ordinary) 
type, the binding energy per particle should increase 
rapidly with increasing number of particles in the nucleus. 
If the forces are supposed to be of the Majorana (exchange) 
type, the binding energy per particle should decrease 
rapidly with the number of particles. The approximate 
constancy of the observed binding energy per particle thus 
indicates that the proton-proton and neutron-neutron 
forces are of neither the pure Wigner nor the pure Majorana 
type, but consist of a linear combination of the two. The 
proper combination is approximately two-thirds Majorana 
interaction and one-third Wigner interaction. A simple 
form of coupling between the heavy particles and the 
electron-neutrino field can be made to give essentially this 
result. 


* National Research Fellow. 


30. New Determinations of Gyromagnetic Ratios for 
Ferromagnetic Substances. S. J. BARNETT, University of 
California at Los Angeles and California Institute of Tech- 
nology.—Since the last publication* new and extensive 
measurements have been made on a number of substances, 
including electrolytic iron, cold rolled steel, nickel, perm- 
alloy, Hopkinson’s nickel-iron alloy, pure cobalt, cobalt 
alloyed with a few percent of copper, cobalt alloyed with 
nickel (Bloch’s alloy) and Preuss’ iron-cobalt alloy. All 
the work has been done by methods differing only slightly 
from those used by the author in the last work on rotation- 
by-magnetization. The values of the gyromagnetic ratio 
obtained range from about 1.01Xm/e (nickel-iron) to 
about 1.10Xm/e (pure cobalt), with mean errors in a 
number of cases of much less than 1 percent. Earlier 
values have been confirmed. No certain difference has been 
found between results obtained with the magnetizing coil 
fixed to the earth and magnetizing coil fixed to the 
vibrating body. 

* Proc. Am. Acad. Sci. 69, 119 (1934). 
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31. Infrared Absorption Spectra and Molecular Struc- 
ture of HNCO (Cyanic Acid), HCOOH (Formic Acid) and 
CH;OH (Methyl Alcohol). G. HERZBERG, University of 
Saskatchewan, AND H. VERLEGER, Technische Hochschule 
Darmstadt.—Using an absorbing column of 4 m for HNCO 
and 16.5 m for HCOOH and CH;OH the following absorp- 
tion bands in the photographic infrared have been found: 


v 
HNCO 10310A 9700 cm™ 
HCOOH 9800A 10200 cm= 
CH;0H 9490A 10540 


The fine structures of all these bands are well resolved on 
our plates. From the complicated structure of the HNCO 
band it follows that unlike N;H! which is isosteric to HNCO, 
in the latter molecule the three atoms NCO do not even 
approximately lie on a straight line. The HCOOH band 
is surprisingly simple indicating that the molecule is very 
nearly a symmetrical top. The CH;OH band is also com- 
paratively simple (P, Q and R branch). It is to be inter- 
preted as a || band, the moment of inertia calculated 
from the distance of the lines agreeing well with what one 
would expect for the moment of inertia about an axis 
perpendicular to C—O. 


1G. Herzberg, F. Patat and H. Verleger, Zeits. f. Elektrochemie 41, 
522 (1935). 


32. Two Gyromagnetic Models (with Demonstrations). 
S. J. BARNETT, University of California at Los Angeles and 
California Institute of Technology—(1) A rigid frame can 
be rotated by an electric motor in either direction and at 
different speeds, about a vertical axis. The frame carries 
two similar and symmetrical electric motors, whose axes 
can move in altitude only, and whose motion is resisted by 
springs which keep the axes horizontal when the motors 
are not in rotation or when the frame is not in rotation. 
In the latter case they rotate in opposite directions when 
power is applied. Similar flywheels are on the two ends 
of each shaft, one painted red, the other white. To one 
looking along the axes, when horizontal, wheels with dif- 
ferent colors rotate in opposite directions. The rotors 
represent Ampére’s whirls, with magnetic moments and 
angular momenta. By the (automatic or manual) operation 
of a few switches the instrument can be made to simulate 
(on the classical theory) the complete process of magnetiza- 
tion-by-rotation. (2) This behaves similarly, and also 
permits demonstration of the converse effect. It consists 
of a student sitting on the well-known roller-bearing stool, 
and holding two bicycle wheels properly oriented and spun. 


33. Two Afterglow Phenomena in Nitrogen. JosePu 
KapLan, University of California at Los Angeles.—This is a 
preliminary report on two afterglow phenomena. It has 
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been found that the relative intensities of the two second- 
positive bands \4356 and 44344 were different in the after- 
glow than in the electrical discharge which is described 
below. \4356 originates on the v’=4 vibrational level of 
the Cr state of No. \4344 originates on v’ =0. In the after- 
glow the ratio I4356/Z4s44 is much larger than in the dis- 
charge. This difference may prove to be the means of 
determining whether the auroral and night-sky radiations 
are produced by electrical discharges or by afterglows. 
When a weak discharge is passed through the old Rayleigh- 
Lewis active nitrogen, the afterglow is quenched and the 
spectrum is characterized by the fourth-positive bands of 
nitrogen, which do not appear in the weak discharge spec- 
trum of nonglowing nitrogen. When a weak discharge is 
passed through the ‘‘auroral’’ afterglow, there appears a 
yellowish flash which is much brighter than the original 
afterglow. The spectrum of this flash contains the first- 
negative bands of N.* and some of the first-positive bands 
which originate on high vibrational levels of the B*r 
electronic state of nitrogen. These preliminary results show 
clearly that the most probable origin of the auroral spec- 
trum lies in an excitation of ‘‘auroral”’ active nitrogen. 


34. Improved Manometer and Pressure Control. T. J. 
KiLLian, Barkon Tube Lighting Corporation, Seattle.— 
The uniform space conduction path manometer and pres- 
sure control reported previously has been improved.! 
Its construction and use in controlling the pressure in 
gaseous discharge lamps containing carbon dioxide is 
described. The characteristics and pressure range with 
various other gases are reported. Its lack of moving parts 
and instantaneous positive action suggest many laboratory 
uses. 

1T. J. Killian, Phys. Rev. 49, 647A (1936). 


35. The Density of Nuclear Levels. J. R. OPPENHEIMER 
AND R. SERBER,* University of California.—The high 
probability of radiative absorption of neutrons, and the 
selective absorption of slow neutrons, may be understood, 
as Bohr, Breit and Wigner have shown, by taking into 
account states of the nucleus plus neutron system in which 
the neutron shares its energy with other particles. In 
order to see whether the incidence of these levels is high 
enough to account for their observed effects, one may make 
a rough estimate of the number N of such states in a given 
energy range AE by supposing that the nuclear particles 
are confined to a sphere of radius p, that the mean potential 
energy of a nuclear particle is not much affected by the 
excitation of another, and that collisions between nuclear 
particles remove accidental degeneracies. On this basis, 
and taking account of exclusion principle and spin for 


neutrons and protons, one finds 
NAE = exp (St/37); 


Here M is the proton mass, and £! is the sum of the kinetic 
energy of the neutron and the mass defect of the normal 
state of nucleus and neutron with respect to the unexcited 
nucleus and free neutron. The most probable number of 
particles to share the energy is 54y/3e. With reasonable 
values of p this leads to level densities consistent with both 
slow and fast neutron collision phenomena. 


* National Research Fellow. 


36. Deuteron Induced Radioactivities in Ruthenium 
and Copper. J. J. Livincoop, Radiation Laboratory, 
University of California.—Ruthenium. Using 5 million 
electron-volt deuterons, with a 2-hour exposure to 2.5 
microamperes, the following radioactivities were produced 
in a ruthenium target: 


(H? PER DISINTEGRATION) 


2.5 X 107 
0.8 X 107 
1.5 X10" 


HALF-LIFE 
44+3 days 
40+4 hours 
4+1hour ( ) 


(Negative electrons) 
) 


The yields have been calculated for saturation, by cor- 
recting for the finite length of exposure. No chemical 
separations have been made. Copper. Filings of some of 
the commercial copper from part of the cyclotron that has 
received stray bombardment over several months’ use, 
have been examined for long period activity. After the 
chemical separation of the 14.5-day radiophosphorous con- 
tamination activity, a residual effect with half-life of 
146+10 days has been observed. This consists of negative 
electrons with a half-value absorption thickness of 0.005 
cm Al and a range of 0.025 cm Al (energy equal to 0.31 
MEV by Feather’s relation), and in addition a gamma-ray 
of intensity one-seventh that of the electrons. Assuming a 


bombarding current of 0.1 microampere, and 4 days’ total 
exposure the saturation yield is of order 10’ deuterons per 
active atom. Isotopes possibly responsible are radio 
Ni® or Fe®*, formed by 


29Cu® + 


Chemical analysis thus far has given no unambiguous 
answer. It is possible that the activity is due to some 
impurity in the commercial copper. 


37. Stopping Power of Foils for High Speed Deuterons. 
L. Jackson LAsLetTT, Radiation Laboratory, University of 
California. (Introduced by E. O. Lawrence.)—As reported 
at a previous meeting of the Physical Society,! the Berkeley 
magnetic resonance accelerator has been modified so that 
a beam of deuterons with energy above five million electron 
volts can be brought out of the accelerating chamber to 
spend its entire range in air. The decrease caused in the 
range of this beam by the interposition of various foils 
was measured by using as detector a movable shallow 
ionization chamber connected to a galvanometer. These 
approximate values for the ‘“‘air-equivalent’”’ of the foils 
were converted into values for the atomic stopping power 
for these elements (Al, Cu, Pt) by measuring the foil 
thicknesses either with natural alpha-particles or by weigh- 
ing. It was found that for deuterons of the speed used 
(about 2 10° cm/sec.) the stopping powers did not differ 
markedly from those given by Mano.? In the case of Pt, 
the stopping power for deuterons was 20 percent higher 
than Mano’s value, but the cumulative experimental errors 
may perhaps have been this high. 

1D. Cooksey and E. O. Lawrence, Bull. Washington Meeting (Abs. 
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2 Mano, J. de physique 5, 628 (1934). 


